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Ten years ago TFR reported that an approach was discontinued. MBE was sidelined by 
based on MBE looked promising for the devel- MOCVD and variants thereof. Nevertheless, 
Roy Szweda opment of violet laser diodes. Not long after Ill-nitride MBE studies continue in many of 
Associate great strides were made in MOCVD of Ill- the world’s leading R&D labs. This is because 
Editor nitrides. Subsequently, most of the II-VI work the issue of manufacturability is not closed. 
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Figure 1. TopGaN laser module. 
There are those around the world who are devel- 
oping MBE and other techniques such as HVPE 
to offer the competitive priced devices for opto 
and electronic applications that the market 
demands. 
Materials play a key role in epitaxy and this is 
demonstrated by studies throughout the commu- 
nity.A recent example is that done at the 
University of Nottingham in conjunction with 
Epichem. Here an interesting variant on MOCVD 
is used whereby UHV conditions are used to 
facilitate the experiments involving MBMS. Using 
modulated beam mass spectrometry (MBMS) the 
team has studied chemical reactions in a UHV- 
MOCVD system growing GaN alloys with TEGa 
and nitrogen or ammonia. High purity 14N and 
15N have been used to identify the species con- 
taining nitrogen in the post reaction products. 
They have identified a number of parasitic reac- 
tions resulting in formation of ammonia, HCN 
and C,H,N all of which consume active nitrogen 
and thus limit the growth rate at a level below 
the expected value. 
Another European example of the cross-fertilisa- 
tion of business and academe is that of Polish 
start-up ToPGaN. “We rely on MBE three reasons: 
p-type doping, UV emission and 2DEG,” says Dr 
Mike Leszczynski,VP TopGaN Ltd, the recent 
Unipress’ spin-off. This approach matches well 
the presently small (about lcm*) areas of their 
GaN substrates.“Up to now,TopGaN has been 
using the home-made systems that gave the suc- 
cessful blue laser diodes, for the fust time con- 
structed on the bulk GaN crystals grown at high 
hydrostatic pressures”. 
Potentially, these substrates should give a big 
advantage because of very low (lO*cm-*) disloca- 
tion density. It is hoped that application of com- 
bined technology of MOVPE (EMCORE D75) and 
MBE (VG Semicon V90) will give a new genem- 
tion of blue/violet/UV emitters.“We have just 
started selling our laser modules. (see Figure 1) 
These devices utilise bulk GaN technology char- 
acterised by a very low defect density using pro- 
prietary technology of Unipress and TopGaN. 
Most recently we obtained more than 1 W power 
for the pulsed 4 10 nm LD made on a 15 micron 
wide stripe.To our knowledge this is the best 
result up to now.Then with a new power supply 
we reached 1.3 W per facet - a total of 2.6 W 
and the laser does not die at that power.” 
Mixed technologies 
Another interesting notion unearthed during 
research for this article is the use of both tech- 
nologies in conjunction. Mixed technology of 
MOCVD and MBE is giving some of the best 
results and will likely continue especially for 
trickier devices such as diode lasers. It may be at 
a transitional stage right now which is not sur- 
prising but expect the emphasis to switch to a 
single growth method as production gets under- 
way. 
A surprising number of groups are publishing 
and patenting MBE work. I say surprising 
because the emphasis in the media has been 
MOCVD probably reflecting its production 
importance. In May the 5th International 
Conference on Nitride Semiconductors (ICNS-5) 
convened in Japan. Unipress is one of the leading 
European GaN institutes to present at the ICSNS 
in Japan in the Bulk Growth and MBE session. 
A review of current literature is helpful in seeing 
the directions in which III-nitride epitaxy R&D 
are going. As we have said MBE is proving useful 
in the preparation of III-nitride films. To show 
there is life left in the technique, researchers are 
augmenting growth by adding activation to the 
nitrogen source. One technique which has pro- 
duced a number of interesting papers is that of 
RF or plasma excitation. Among these reports of 
PAMBE is the one by M Higashi-waki andT. 
Matsui of the Communications Research Labs in 
Tokyo (see: Journal of Crystal Growth, Vol, 252, 
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l-3, pp 128-135). InN films were grown using a 
buffir layer formed with low temperature (LT) 
GaN and LT-InN layers to improve structural and 
electrical properties. In a paper, entitled ‘Study 
of the optical and structural properties of GaN 
films grown on Si substrates with a Sic layer’ 
by M Cervantes-Contrerasa et al, of Unidad 
Profesional Interdisciplinaria de Biotecnologia- 
IPN, in Mexico, GaN was grown on Si(100) sub- 
strates by MBE via an RF activated N-plasma 
source.The substrates have to be coated with a 
thin Sic layer to reduce the reaction of N with 
Si. Studied by XRD AFM, PL and PRS, results show 
that forTGa=950”C, the films presented a poor 
crystal quality with a mixture of hexagonal and 
cubic GaN phases. But by increasing TGa the 
crystal quality improved. 
HVPE progress 
As mentioned earlier HVPE is of interest to a num- 
ber of researchers in academic institutes and com- 
panies. For example,ATMI has been preparing a 
novel approach to create GaN boules by HVPE for 
homo-epi growth (see Journal of Crystal Growth, 
Vol. 246,34, pp 223-229)The GaN wafer blanks 
were lapped and polished.The gallium-side of the 
wafer was finished with a CMP process, which 
removed surface and subsurface damage, yielding 
GaN wafers ready for homoepitaxial growth. 
Around the world other workers have reported 
success with HVPE, these include the US Air 
Force Research Lab Hanscom AFB, the High 
Pressure Research Center PAS in Warsaw, LAS- 
MEA, UMR CNRS of France, Linkoping University 
and Chalmers Universit-. I )fTechnology, Sweden, 
as well as Sumitomo .Ilecuic Industries Ltd. 
Other methods are being used to circumvent dif- 
Bculties in the crystal growth of III-nitrides. For 
example, growth of aluminium nitride films at 
low temperature has been reported by YamRu 
Lin and Shinn-Tyan Wu, of the Dept., of Materials 
Science & Engineering, National Tsing-Hua 
University, in Taiwan (see Journal of Crystal 
Grozutb,Vol, 252, l-3, pp 433-439).The epitaxial 
growth of AlN films on sapphire by sputtering is 
achieved using a 30nm thick buffer layer of alu- 
minium and titanium nitride. Both buffer layers 
facilitate epitaxial growth. In particular, a fum 
can be deposited at room temperature if the 
buffer layer is AlThe workers say that this result 
is intriguing given the low atomic mobility at 
these temperatures. However, the buffer-assisted 
epitaxial growth in the study is consistent with 
the widely reported work on GaAs/STO/Si. 
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In this overview MBE and HVPE are not the 
only techniques suitable for III-nitride device 
R&D. Many MOCVD papers are to be found 
instanced by a couple of recent examples. 
These involve commercial and academic col- 
laborations.The side-bar shows development of 
UV-LEDs by MIT and Emcore. Conversely, a 
study of an AlGaN/ GaN UV photodetector (PD) 
is made by In-Seok Seoa, et al, in a collaboration 
from Chonbuk National University, South Korea, 
together with Samsung Advanced Institute of 
Technology Vorsmal of Crystal Grozuth,Vol., 
252, l-3, May 2003, pp 51-57). 
Here a solar-blind MSM UV PD was fabricated 
by MOCVD using an AlO.SGa0.7N/GaN het- 
erostructure layer grown on sapphire.Thanks to 
a high-temperature (HT)-AIN interlayer an inter- 
digitated MSM PD was made and characterised. 
Visible rejection is more than three orders of 
magnitude at a cut-off wavelength at 292nm 
with responsivity up to 0.15 A/W 
It showed fast response time (12.5ns) without 
reverse bias and low dark current with a typical 
value of 72pA and 0.15 A at 10 and 40 V, respec- 
tively; characteristics which are, say the authors, 
much better than those of any other devices 
reported. Such results promise enhanced solar- 
blind MSM UV PDs suitable for applications 
such as astronomy, missile detection or visible 
blindness materials. 
As can be seen from this selective overview of 
developments in the R&D of III-nitride devices 
required by tomorrow’s markets, while MOCVD 
may hold sway in the fab, techniques such as 
MBE can also provide some of the missing 
pieces in the jigsaw puzzle of understanding 
still needed. 
It may also turn out that a solid contribution to 
the manufacture of today’s generation of devices 
as well as novel new variants of these can be 
made by techniques such as HVPE. 
These notions are especially relevant given the 
transition which could have to be made to GaN 
substrates from sapphire.There are some who 
believe this to be a cul de sac. 
Even if the performance may be there, the 
production economics presently weigh heavily 
against the approach, whatever the epi tech- 
nique chosen. 
